With the one-boson-exchange model, we study the interaction between the S-wave
The B c -like molecules are categorized into four groups, i.e, DB, D * B * , D * B and DB * . Each group contains nine states, which form an octet and a singlet. Their corresponding flavor wave functions are listed in Fig. 1 . We adopt the approach developed in Refs. [15] [16] [17] [18] [19] [20] [21] [22] to study the interaction of the B c -like molecules. In terms of the Breit approximation, the scattering amplitude iM(D ( * ) B ( * ) → D ( * ) B ( * ) ) is related to the interaction potential in the momentum space by the relation
where M i and M j are the masses of the initial and final states, respectively. The potential in the coordinate space V(r) reads as its Fourier transformation, V E (r) = dp (2π) 3 e ip·r V E (q)
where m E is the exchanged meson mass and the monopole form factor (FF) F (q 2 , m
is introduced to depict the structure effect of the vertex of the heavy mesons interacting with the light mesons. The parameter Λ, which is about one to several GeV, not only denotes the phenomenological cutoff, but also regulates the effective potential.
According to the heavy quark limit and chiral symmetry, the interactions of the light pesudoscalar, vector and scalar mesons with the S-wave heavy flavor mesons were constructed as [23] [24] [25] [26] [27] [28] 
where the multiplet fields are expressed as H
s ), which satisfy the normalization relations 0|P|Qq(0
and g V = m ρ / f π , with g V = 5.8. In the above expressions, P and V denote the three by three pseudoscalar and vector matrices, respectively, i.e.,
The coupling constants involved in Eqs. (2)- (4) include g = 0.59 extracted from the experimental width of D * + [30] , β = 0.9 determined by the vector meson dominance mechanism, λ = 0.56 GeV −1 obtained by comparing the form factor calculated by light cone sum rule with the one obtained by lattice QCD. In addition, the coupling constant related to the scalar meson σ, g s = g π /(2 √ 6) with g π = 3.73 was given in
Ref. [28] . In the heavy quark limit, the interactions of the D ( * ) D ( * ) and B ( * ) B ( * ) with light mesons are the same. With these Lagrangians listed in Eq. (2)- (4), we can deduce the expressions of V E (r). When obtaining the total effective potentials, we sandwich V E (r) between the corresponding B clike molecular states. Thus, the general expression of the total effective potential is expressed as
where subscript a ξ with ξ = s1, s2, t, d1, d2 and a = X, Y, Z, Z is introduced to distinguish the total effective potentials of the molecular systems defined in Fig. 1 . J denotes the total angular momentum of system (J = 0, J = 1, J = 0, 1, 2 for the DB, D * B/DB * and D * B * systems respectively). The definitions
where Table. I.
The expressions of the subpotentials are T otal (r) and the subpotentials. Here, ̟ is taken as 3 and -1 corresponding to the states marked by the subscripts s1 and t, respectively. Since the total effective potential of the DB * systems is the same as that of the D * B systems, we only show the result for D * B. We use − to denote the case when the OBE potential does not exist since no suitable meson exchange is allowed for these systems. 
In addition, the kinetic terms for the B ( * ) D ( * ) systems are 
III. NUMERICAL RESULT
With the above preparation, in the following we illustrate the numerical results for the B c -like molecular systems. In order to obtain the information of the bound-state solutions (binding energy and root-mean-square radius) of systems listed in Fig. 1 , we need to solve the coupled channel Schrödinger equation with the deduced effective potentials, which can answer whether these B c -like molecular states exist or not. Here, we adopt FESSDE, a Fortran program for solving the coupled channel Schrödinger equation [31, 32] , to numerically obtain the binding energy and the corresponding root-mean-square radius. Additionally we also use a MAT-LAB package MATSCE [33] to do a cross-check. Usually the OBE potential is suitable to describe the interaction of a loosely bound state. Thus, we require the obtained binding energy in the range of 0 ∼ −20 MeV and the cutoff in the range of 1 ∼ 5 GeV when presenting the result.
In Table II , we list the obtained typical values of the boundstate solution of these B c -like molecular systems, while the dependence of the results on Λ is given in Fig. 2 and X s2 states. Both of these states are of the same quantum number, i.e., I(J P ) = 0(0 + ). The values of the cutoff Λ is close to 1 GeV for the X s1 state. For the other isosinglet X s2 , the bound-state solution appears when taking Λ ∼ 3.2 GeV.
2. D * B/DB * : The bound-state solution exists only for the four isosinglets Z s1 , Z s2 ,Z s1 andZ s2 with 0(1 + ). Since the effective potentials of the D * B and DB * systems are the same, the dependence of the bound solutions on Λ for Z s1 and Z s2 are almost similar to those ofZ s1 and Z s1 respectively (see Fig. 2 ). The small difference of the reduced masses also results in the difference of the typical values listed in Table. We use a hand-waving notation, i.e., five-star, four-star, three-star and two-star etc to mark the states in order to indicate that the bound-state solutions exist when the cutoff parameter Λ corresponds to the different values: Λ < 1.5 GeV, 1.5 < Λ < 2.5 GeV, 2.5 < Λ < 3.5 GeV, 3.5 < Λ < 5 GeV respectively. In this way we categorize these states according to the numerical results listed in Fig. 2 and Table II (see Table  III for more details). Usually the cutoff Λ is taken around 1 GeV, which is a reasonable value, especially in the deuteron case. Thus, a five-star state implies that a loosely molecular state probably exists. The mass spectra of the BD, BD * , B * D , and B * D * molecular states with the {Qq}{Q (′) q} configuration were studied with the QCD sum rule approach [34] , which correspond to the above six five-star B c -like molecular states obtained in this work.
In the following, we will discuss the allowed decay modes of these predicted B c -like molecular states that may be helpful to the future experimental search. All the five-star states
and Y
J=2 s1
are the isosinglet with subscript s1. Their decay modes are listed in the 2nd-7th columns of Table. IV, respectively. In addition, the decays of the four four-star states Y are shown in the 8th-11th columns of Table. IV, respectively. In Table. IV, we also give the decay modes of the remaining five three-star states. In these decay channels, the B c (1P 1 ) and B ′ c (1P 1 ) mesons are the mixture of the 1 1 P 1 and 1 3 P 1 states [35] :
At present only B c (1 1 S 0 ) was observed with a mass m(B c (1 1 S 0 )) = 6277 MeV [36] . We adopt the theoretical values from Ref. [35] when giving the decay channels of these B c -like molecular states, i.e., M B c (1 3 
c (1P 1 ) = 6750 MeV and M B c (1 3 P 2 ) = 6761 MeV [35] . In obtaining these decay channels, we have only considered the ground state of the light meson.
IV. DISCUSSION AND CONCLUSION
In short summary, we have studied the interaction between the S-wave D when considering the one-pion-exchange (OPE) potential only in Table. V. The one pion exchange force provides the main attraction in the formation of the B clike molecular state, which is consistent with the observation in Ref. [22] . as an example, we also examined the sensitivity of the results to the coupling constant in the OPE case. When adopting g = 0.885, which is 1.5 times larger than g = 0.59 in Ref. [30] , we have to lower the Λ value in order to get the similar binding energy to that in the case of taking g = 0.59, 
Thus, the effect of varying the coupling constant on the boundstate solution can be compensated by changing the Λ value. Most of the predicted B c -like molecular states can decay into a B c meson plus light mesons. It is possible to find these states in the corresponding invariant mass spectrum. Recall that the narrow resonance X(3872) lies very close to the DD * threshold, which was first observed in the J/ψπ + π − invariant mass spectrum of the B → K J/ψπ + π − process [4] . Similarly, the Z s1 andZ s1 states can decay into the B c (1 3 S 1 )ππ mode. The Y(3940) state was observed in B → K J/ψω [5] while Y(4140) in B → K J/ψφ [7] . Similarly, the predicted (Y φ modes, respectively. In the future, it will also be important to calculate the branching ratios of the different decay modes. Moreover, the investigation of the B c -like molecular states in other phenomenological models is also very interesting. Hopefully the investigations presented in this work will be useful to an experimental search of them, which will be an interesting research topic. 
